Abstract: This study examined the overgrowth in two eutrophic lakes during the period . In addition, for comparative studies, analyses of plant community structures in these lakes were performed to assess the effects of human pressure, such as water level reduction and increase of nutrient availability on changes in the range of the littoral zone surface. To achieve these aims aerial photos, ortophotmaps, GPS measurements were used to evaluate changes in plant cover in two lakes: Niepruszewskie and Tomickie. Considerable differences between the studied lakes located in an agricultural catchment were observed. Lake Niepruszewskie was characterised by a threefold higher rate of overgrowing, measured per hectare, in comparison with Lake Tomickie. Moreover, in comparison with lake areas, rates of overgrowing were substantialy higher in Lake Tomickie than Lake Niepruszewskie, which is almost seven times bigger. The littoral zones of both lakes are dominated by emergent vegetation. Compared to the data from 1961, the zone of Lake Niepruszewskie increased almost threefold. The biggest changes in overgrowing were observed after reduction of water level (>2002) which was 1.30 ha yr -1
Introduction
In recent decades, the effect of natural processes on lake ecosystems has been enhanced by human impact (Havens et al. 2001; Tarras-Wahlberg et al. 2002) . Increased nutrient supply to water bodies and morphological changes have been caused by land use changes associated with urbanisation (Moiseenko et al. 2009 ) and agriculture, point and diffuse pollutions, increased demand for water supply to support population growth and greater uncertainties related to climate change. Those factors exert significant impact on water quality and quantity, as well as lifetime of lakes. Lake lifetime is also controlled by denudation and accumulation processes of their drainage areas and this effect depends on ratio of the lake catchment to the lake area (Einsele and Hinderer 1997) and land use in the lake floodplains. Land use changes cause increased soil erosion and contribute to the alteration of the water availability in the catchment area through decreased infiltration and accelerated surface runoff. All the above mention factors may lead to transformations within a lake which are associated with changes in water retention, progressing water quality degradation, sedimentation fill as well as plant overgrowth and resulting in lake disappearance (Mitraki et al. 2004; Partanen et al. 2009 ).
The littoral zones constitute a natural biogeochemical barrier for pollutants flowing in from the catchment basin and are particularly important in typically agricultural catchment regions in which the flow of biogenic substances is particularly intense. However, the function and significance of those zones may vary depending on their development, plant species composition, and way of utilisation as well as the extent of eutrophication. As reported by Crisman et al. (2005) , the acceleration of the littoral zone development is also associated with high plant productivity providing a rich source of biogenic compounds. Therefore, the analysis of the range and growth rate of vegetation zone is exceptionally important for the development of water bodies as well as the assessment of hydrological regime of lakes and the analyses of orthopotomaps, remote sensing analysis, and GIS technologies provide a good method of their evaluation (Munyaneza et al. 2009; Rebelo et al. 2009 ). It can be particularly effective for the assessment of changes of wetland regions despite reduced levels of water lifting (Rebelo et al. 2009 ).
Shrinkage of lakes is usually identified with the decline of their area (Churski 1983; Choinski 2006; Choinski and Ptak 2009; Rebelo et al. 2009 ), where overgrowing is consider a key process (Crisman et al. 2005 ). Stages of overgrowing, i.e. stage of succession in the plant cover, depends on many factors, which manifest themselves, among others, through direct changes of vegetation types (succession), seasonal and annual changes in plant communities and biomass production (Schmieder and Pier 2000; Papchenkov 2003; Partanen and Luoto 2006; Lawniczak et al. 2010) . Recognition of the direction and rates of these changes triggering lake disappearance is crucial for the proper management and protection of lake ecosystems.
The subject of this paper was to study the overgrowth in eutrophic lakes varying in size during the period 1961-2008 and to predict their potential changes over next years. In addition, for comparative studies, analyses of plant community structures in these lakes were performed to assess the effects of human pressure, such as water level reduction and high water trophy on changes in the range of the littoral zone surface.
Material and methods
Study site. Analyses of littoral zones development were made in two lakes: Niepruszewskie (52º22.700' N, 16º37.200' E) and Tomickie (52º19.200' N, 16º38 .400' E). The lakes are located in the agricultural Wielkopolska Region, situated in Central-Western Poland. Lake Niepruszewskie is the first of a series of lakes connected by the Samica Steszewska River.
Lake Niepruszewskie is a freshwater, postglacial lake, with 253.2 ha surface and mean and maximum water depths of 2.93 and 4.8 m, respectively (Lawniczak et al. 2011) . Water level in the lake was regulated since 1974 to 2002, with average amplitude of 0.8 m. In 2003, the practice was change and water level was reduced by 0.6 m during winter time and by 0.4 m in summer time (Lawniczak et al. 2010) .
Lake Tomickie is the second of the lakes connected by the Samica Steszewska River. The surface area in 2008 was 38.7 ha with max. depth 1.7 m and mean depth 1.1 m (Lawniczak et al. 2011 ). The water level was never regulated.
Water quality in both lakes is characterized by very high concentrations of phosphate and intensive algae bloom (Table 1 ). Water quality in Lake Niepruszewskie improved in recent years, in contrast to Lake Tomickie where nutrient concentrations in the water are still very high (Lawniczak et al. 2009 The original topo-map DEM was produced by digitizing contour layers from scanned sheets of maps or aerial photography (scanned by Leica Photo Scan with 14 µm pixel size), then georeferenced to the 92 WGS 84 coordinate system (scale coordinates 0.993, X -5000 m, Y -5300 000 m, longitude 19º, latitude 0º) and converted to a point map using a semi-automated digitalization of contour lines. The faults obtained during automated digitalization were removed by 3D editing of contour lines. The final digital elevation model DEM was produced using the MapInfo Professional software.
The digital aerial photographs were interpreted with the aid of a maximum likelihood classifier, using two categories, vegetation and water, in the case of the black and white images. The determination of measurement properties of the waterbodies and littoral zone areas by aerial photography-measured from the years 2002 and 2007 was made by comparing on site measurements with coincident aerial photography and ortophotomaps. On site measurements, including vegetation mapping and controlling measurements of the littoral zone areas, were done during vegetation seasons in 2002 and 2007 in the studied lakes. Accurate measurements of coverage areas in Lake Niepruszewskie and Tomickie were done in 2008, and 1001 and 795 positions were obtained, respectively. In 2008, surface, shoreline length and littoral zone range of the studied lakes were measured in the field by Topcon's Legacy-H. Horizontal and vertical accuracies reported by manufacturer are ±1 cm and ±1.5 cm, respectively (TOPCON EUROPE B.V.), although during surveys maximum root mean squared errors were accepted to 10 cm, which is consistent with Ruggiero et al. (2005) and Sallenger et al. (2003) for these techniques.
Vegetation survey. The study was carried out in the littoral zone of Lake Niepruszewskie and Tomickie during vegetation seasons in 2008-2009 according to phytosociological Braun-Blanquet approach (Dirschke 1994). Following botanical assessment 200 relevés in Lake Niepruszewskie and 71 relevés in Lake Tomickie were surveyed to species level, using the nomenclature of Szafer et al. (1988) and Rutkowski (1998) . The vegetation was classified phytosociologically on the basis of the abundance of characteristic species according to Matuszkiewicz (2005) , Podbielkowski and Tomaszewicz (1996) .
Associations recognized in the study area were compared with the phytosociological studies performed by Ławniczak (2003, unpublished data) .
Results
Overgrowing. The littoral zone of Lake Nieruszewskie was dominated by emergent vegetation which in 2008 covers 48.8 ha (Table 2 ). Compared to the data of Inland Fishing Institute from 1961 (IIF 1961a) , this zone increased almost three fold i.e. by 31 ha. Before water level regulation (<1974), the average increase of the area covered by vegetation was 0.67 ha yr -1 ; during water level regulation -0.53 ha yr -1 ; and after reduction of water level (>2002) -1.30 ha yr -1 . Contribution of nympheides in the total area covered by macrophytes was minor ( Table 2) . Percentage of the shoreline covered by vegetation increased by 4.5% during almost half century.
Greater part of the littoral zone of Lake Tomickie was covered by emergent macrophytes. The area covered by nympheides increased by 2% during almost 50 years (Table 2) . During this period, emergent vegetation increased more than fivefold and achieved 31.9 ha. The most intensive growth was observed in years from 1961 to 1986, which amounted to 0.73 ha yr -1 (IIF 1961b ). During 1986 -2002 , the development of the littoral zone decreased to 0.43 ha yr -1 . After reduction of water level fluctuations in Lake Niepruszewskie, the development of the vegetation was not substantial and equaled 0.10 ha yr -1 . The length of the shoreline covered by macrophytes increased by 27.7% when 2008 is compared to 1961.
Changes of littoral zone width.
Analyses of the littoral zone width showed considerable changes in the northern part of Lake Niepruszewskie (sites 16, 17, 18, 2; Fig. 1a, b) . The range of vegetation cover increased by 161 m during 32 years ; mean annual increased of 5 m). However, the biggest changes were observed in the eastern part (site 5), where a sevenfold increase of the littoral zone width was observed (from 23 m to 160 m; Fig. 1a, b) . In the southern part, these modifications were also detected; they were less important than those observed in northern and eastern parts of the lake. In contrast, in the western part, vegetation cover decreased and achieved only 5 m width.
In Tomickie Lake during 22 years , considerable changes of the littoral width were observed in its southern part (sites 1, 2; Fig. 2a, b) . During this period, the littoral zone width increased by 28 m (mean annual increase of 1.4 m). Significant variations were detected in the western part, where littoral width grow by 15 m. Slight changes were noted in the western part of the lake, near village Mirosławki (sites 3, 4) and in the eastern shore (sites 9, 10) which achieved only 2-3 m.
Plant communities in the littoral zone. In 2008, the littoral zone area of Lake Niepruszewskie amounted to 48.9 ha, i.e. 19.3% of the lake surface. The biggest area was covered by the community with Phragmites australis (Cav.) Trin. ex Steud -26.3 ha, i.e. 53.8% of total littoral zone area (Table 3, Fig. 3 ). Almost 21.24% of the littoral zone was covered by community with Typha angustifolia L. The smallest area was taken up by communities with Glyceria maxima (Hartm.) Holmb. -0.01 ha (0.02% of the total littoral zone area) (Fig. 3) . The littoral zone of Lake Tomickie was represented by Phragmites australis, which covered more than 54% of the total littoral zone area (Table 4 , Fig.  4) . Communities with Carex acutiformis L. occupied major part of the littoral zone (12.02% of the total littoral zone area), which frequently occurred with Phragmites australis. Typhetum angustifoliae covered about 6.85% of the littoral zone area. In northern and north-western parts, Alnus glutinosa Gaertn. occurred. Submerged macrophytes were represented mostly by Myriophyllum spicatum L.; nympheides -by Nuphar lutea L. and Nymphaea alba L.
Discussion
The research carried out in Niepruszewskie and Tomickie Lakes revealed advancing processes of succession in both lakes. In the case of Lake Niepruszewskie, the increment rate of the littoral zone increased, especially in recent years. This was probably due to the decrease in water lifting levels which led to the exposure of areas with small slopes and considerably easier access for plants. Particularly, the expansion of Phragmites australis in the direction towards open water was observed. Several studies suggested that eutrophication is one of the major factors causing the development of P. australis (Andersson 2001; Mäemets and Freiberg 2004; Hellsten et al. 2006) . However, these a) b) results were achieved on the bases of studies in boreal lakes. In contrast, during recent decades, a decline of common reed (Phragmites australis) on lakeshores has been detected all over Europe (Ostendrop 1989; van der Putten 1997; Stark and Dienst 1989) . In Lake Constance, a dramatic decrease of reed belts was observed, which was concomitant with a period of high water eutrophication in the lake (Schmieder and Pier 2000) . Suppression of submerged macrophytes in the sublittoral zone was also monitored (Lang 1973 (Lang , 1981 . Schröder (1979 Schröder ( , 1987 suggested that this could have occurred due to increased abundance of filamentous algae in the sublittoral zone. In Lake Niepruszewskie, a slight improvement of water quality during recent years was noted; however, the water is still classified as very eutrophic (Lawniczak et al. 2009 ). In Lake Tomickie, every year high algae blooms are still monitored (Lawniczak et al. 2009 ) and an intensive overgrowing process occur. Moreover, eutrophication is not only a major reason causing a decline of reed belts. Ostendrop (1992) in a control experiment found no clear evidence of toxic effect of filamentous algae Cladophora, Scenedesmus and Characeae on reed growth. He suggested that high water level during early growing period was an important factor in reed decline. His results confirm the current study in Lake Niepruszewskie, where the succession in plant cover into open water was intensified after the reduction of water level. Our study was also supported by results of Crisman et al. (2005) , who also observed intensive growth of emergent macrophytes (Phragmites) following a profound reduction in water level. A similar situation of the expansion of the littoral zone was observed in the case of the Great Lakes in North America where longterm water shortages in the littoral zone led to significant expansion of land vegetation over shore areas (Keddy and Reznicek 1986) .
In Lake Niepruszewskie reduction of water level in spring time by 0.6 m was probably a key factor for the enhanced macrophyte expansion. However, the study of Lawniczak et al. (2010) showed a decreased in the above-ground biomass production of dominant macrophyte in the littoral zone in this lake due to water level reduction. Moreover, final total plant biomass in the lake can be higher taking into account bigger area covered by vegetation. In Lake Tomickie, the water level reduction was substantial in 1970s, when the regulation of the Samica Stęszewska River further below the lake caused increased water outflow from this body and dramatically lowered the water level. On the other hand, the reduction in water level in Lake Niepruszewskie did not influence directly overgrowing in Lake Tomickie.
Papchenkov (2003) described two different patterns of overgrowing between type of water bodies. However, those variations may be also observed within specific types. Our results showed considerable differences between rates of overgrowing in the two polymictic lakes, but also in various parts of these water bodies. In the western shore in Lake Niepruszewskie, Parvopotamo-Zannichellietum with Najas marina L. and Potametum pectinati communities occurred. However, Lawniczak (2006) did not find these species in this lake, when high amplitude of water levels took place, i.e. before 2003. These species probably benefited from shallow shores. Moreover, in this shore plant succession into open water was not as intensive as in the eastern part. The occurrence of plants, mostly P.australis was limited by a negative effect of shade. Soil type probably was not a factor which limited plant growth, particularly for P.australis, which grow in different types of substrate with various nutrient availability (Engloner 2004 ).
In the current study, the overgrowth was directly connected with the zonal plant cover phases. However, not all phases described by Papchenkov (2003) were observed in Lake Niepruszewskie. The most frequent macrophtes species forming the zonation in polymictic lakes are Phragmites australis and Carex species (Spence 1982) . Also, theses species were the main contributors of the overgrowing in this study. Phragmitetum community covered more than 54% of the littoral zone, while Typhetum angustifoliae covered about 22%. Also, in Lake Tomickie these communities contributed considerably to lake overgrowing. Nympheides cover increased substantially during recent years. Partenen and Luoto (2006) demonstrated that nymphaeids and Glyceria maxima were mainly responsible for the peat formation during progressing plant succession into the open water. Preferences of these species to grow in muddy, nutrient-rich soils also indicated their important role in lake overgrowing.
In conclusion, important differences between two, polymictic lakes, located in agricultural catchment were observed. Niepruszewskie Lake was characterised by threefold higher rate of overgrowing, measured per hectare, in comparison with Lake Tomickie. Moreover, in relation to lake areas, rates of overgrowing were considerably higher in Lake Tomickie than almost sevenfold bigger Lake Niepruszewskie. Probably, reduction in the amplitude of water level in Lake Niepruszewskie and high eutrophication in Lake Tomickie were the major factors caused intensive overgrowing of the studied lakes.
